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The AUTO System
Orbit Determination

01/08/2018 © 2018. California Institute of Technology. Government sponsorship acknowledged 2

COLLECT
OBSERVATIONS

NEW ORBIT
SOLUTION

STORE IN
SMALL-BODY

DATABASE
END USER

HORIZONS system

Filter for rapid candidate selection:
Physical + orbital + mission-design 

parameters

Pre-computed Solutions

Single-body analysis, access to latest 
orbit solutions.

Interactive Interface

Impulsive missions + Low-thrust ∆V estimates



Operation Modes
Mission Design System
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Query Mode: all bodies

Detailed Mode: each body

• Pre-compute impulsive, optimal mission opportunities.
• Phase-free low-thrust ∆V estimate.
• Stored in the Small-Body Database for fast lookup, updated periodically.
• Combined query: orbital + physical + mission-design parameters.

Framework for rapid candidate selection

• Interactive interface: More in-depth analysis of each candidate body.
• Preliminary mission selection.
• Access to latest orbit solution + newly discovered bodies.

Preliminary analysis of feasible solutions



System Overview
Mission Design System
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New orbit solution

Mission Options Dataset Interactive Interface

High-level 
Processor

Perl

SB Database
MySQL

1. Pork-chop plot: Lambert solver by 
Arora & Russell (2013)

2. Global search
3. Constrained local search
4. Mission selection
(Phase-free low-thrust ∆V estimate)

API

Low-level Core
Fortran



Distribution of Optimal Departure C3

Statistics from Database
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Optimal C3 [km2/s2]

Falcon 9 Atlas V Delta IV H



Near-Earth Asteroids
Statistics from Database
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Main-Belt Asteroids
Statistics from Database
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Main-Belt Asteroids
Statistics from Database
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Comets
Statistics from Database
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Introduction
Interactive Web Interface
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https://ssd.jpl.nasa.gov/mdesign



Static Information
Interactive Web Interface
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Table of Selected Missions
Interactive Web Interface
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Table of Selected Missions
Interactive Web Interface
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Interactive Pork-Chop Plot
Interactive Web Interface
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Interactive Pork-Chop Plot
Interactive Web Interface
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Launch –Vehicle Selection
Interactive Web Interface
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Conclusions
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Outcome & Results

• Find list of candidate targets in seconds. 
• Combined with physical + orbital parameters.
• Database of pre-computed solutions, publicly available.
• DB is kept current automatically.

Candidate Selection

• Use web interface to select dates and launch vehicle.
• Save data for post-processing.
• Fast access to latest ephemeris.

Preliminary Design

Outcome & Results

• Analytic estimate of the limits on the departure V-infinity.

Statistical results
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